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~ onal Overturning Circulation and Heat-fluxCross Validating Ocean Prediction Array (MOCHA) Program.
The annual mean FC transport has been

and onit rin Sys e m sfairly stable (32 ± I Sv) over the past few de-and Monitoring Systems
cades.The cable measurements have a nega-
tive correlation with the North Atlantic Oscil-

PAGES 269,272-273 Presentlyas many as a dozen hydrographic lation, one of the dominant decadal signals in
sections per year are also sampled across the the ocean-atmosphere system [&ringer and

With the ongoing development of ocean Straits of Florida near the cable site to obtain Larsen, 20)0I [Comparisomns of the transport es-
circulation models and real-time observing independent velocity measurements for use in timates derived from the cable with wind and
sy-stems, routine estimation of the synoptic calibration of the cable transport estimates in coastal sea level measurements demonstrate
state of the ocean is becoming feasible for units of a Sverdup (Sv) (1 Sv = 101 m3

s'),with that the FC transport also manifests higher-fre-
practical and scientific purposes.The models an uncertainity of ± 3 Sv. NOAA distributes the quency fluctuations; for example, the passage
can assist in ocean monitoring and regional real-time cable transport estimates on the Web of a large,strong atmospheric cold front in
dynamics studies, but only after they have (wwwaoml.noaa.gov/phod/floridacurrent/). mid-January 2005 was immediately followed
been validated. The cable measurements also play a role in an by a large (-10 Sv: 30% of the annual mean),
For the first time. beginning 1 November international collaboration to monitor the inte- rapid (three-day) decrease in the FC transport

2004, independent ocean model estimates of grated mass and heat flux across 265'N in the At- that persisted for several days (Figure 2). Fur-
the Florida Current (FC) volume transport lantic: the U.K. Natural Environment Research thermore,this decrease in transport was also
are available, in real time, for cross validation Councils Rapid Climate Change Program and reflected in the real-fime nowcast operational
with observed transport variations forced by the U.S. National Science Foundations Meridi- predictions of the Global Navy Coastal Ocean
cold front passages.tropical cyclones, and
other weather systems.The FC flows poleward
through the Straits of Florida and ultimately
becomes the Gulf Stream.The FC originates
from both the large-scale, wind-driven circula- kM
ti(n of the North Atlantic subtropical gyre 5. -5
and the trans-equatorial Atlantic thermoha- I
line overturning circulation (i.e., the'global 32 *Sa Level Stations
conveyor belt").The FC is constrained by *Wind Station
Florida to the north and/or west and by Cuba 3
and the Bahamas to the south and east, re-
spectively (Figure 1).

Based on FC transport events that are due
to the passage of cold fronts, independent 30"
results from a U.S. Navy operational ocean
modeling s3stem and a U.S. National Oceanic

and Atmospheric Administration (NOAA)
research observing system are cross validated ,
in this article.This cross validation leads to
new knowledge of regional ocean dynam-
ics and increased confidence in the validity 28*
of the Navy modeling and NOAA observing Z
systems for ocean prediction and monitoring, 4)
respect ively

The FC regime is known to be responsive to _

atmospheric forcing, but there are competing '
notions about whether it responds to local, J 26
regional, or large-scale forcing [L'e and Wil-
liams. 1988]. Because of its importance for
both ocean dynamics and climate research,
the FC has been studied intensively over the
past several decades: e.g., the comprehensive
Subtropical Atlantic Climate Studies (STACS)
in 198,3-1984 [Johns and Schott, 1987;Schott et 24*
a., 1988].

NOAA initiated long-term monitoring of
the PC transport in 1982 using a submarine
telephone cable connecting Florida and
Grand Bahama Island.This system utilizes the
principle that ions in seawater moving through 22"
the geomagnetic field induce an electric field
perpendicular to the flowThe resulting electric
field is measured as a voltage on a submarine
cable, and the voltage is proportional to volume 8B 84 82 80 78
transport [Larsen and Sanford, 19851. Longitude ,0 *

Fig. I. Straits of Florida locator map. Blue line indicates cable, red lines indicate NCOM
B) C. N, K. MooE, C. S. MEINEN, M. . control volume. OBC is Old Bahatnas Channel, NWPC is the Northwest Providence Channel,

BAi INGL, I. BAN6, R. Ri Ii DLS, C. N. BARRON, meteoroloqical buoy (NDBC 41009), and coastal sea level stations are: TP Trident Pier: VK,
AND FBuii Virginia Ke)i
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G-NCOM is a variant of the Princeton Ocean deviation of 4.9 (2.4) Sv (Figure 2a). On a
Model that uses hybrid sigma/: vertical coordi weekly timescale, fluctuations of.3-1 0 Sv- oc- ItrrttosadIpiain
nates; it has 19 sigma levels in the uipper 137 m curred in both,with a large decrease between Inrr'ttriaidIpitin
and 21 :-levels below, logarithmicaly stretched 15 and 18 January 2005. From G-NCOM, the 27'N along-chnnel ye-
fromt a I -in surface laver to 5SIXMn depth.Atmo- A control volume was formed for the model locity at the time oIf local maxinmum transport
spheric forcing is provided by the Navy Global between 81'W (Key West to Havana),27"N, (36.8 Sv) on 15 January 20YJ5 is characterized
Atmospheric Prediction System (NOGAPS) fore- and 78.375'W to include flow through the Old by a strong, near-surface FC jet core over the
cast data from the Navy's Fleet Numerical Meteo- Bahamas Channel and the Northwest Provi- continental slope off Florida and poleward
rological and Oceanographic CenterG-NCOM dence Channel (Figures 2b and 2c).The mean flow throughout the 27"N transect (Figure 3.
initialization is provided by assimilation of and standard deviatioin at 81'W (78.375W) top panel).lIn contrast, at the time oIf local
daily-averaged sea surface temperature and syn- were 27.2 (4.7) Sv and 2.4 (1.4) Sv, espectively minimum transport (26.9 Sv) on 18 January
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2005,the 27"N along-channel velocity is charac- to play in the Integrated Ocean Observing Sys- Barron, C. NA. B. Kara, PJ. Martin, R. C. Rh,des. and
terized by a jet core displaced offshore (-20 tem (OOS). (IOOS is the U.S. contribution to L F Sinedstad (2005), Formulation, implementa-

tion and examination of vertical coordinatekin) and reduced in cross-sectional area and the Global Ocean Observing System (GOOS), choices in the Global Nay Coastal Ocean Modet
strength,and by strong (-30 cm s') equator- which supports the advancement of'opera- (NCOM), Ocean ModeIl.. in press.
ward countercurrents over the Florida and tional oceanography" for improved marine Hamilton. P,J. C. Larn, K. ). 1A,aian,T. N. I,ad
Bahamas shelves (Figure 3, middle panel). weather and ocean forecasts, climate analyses, E.Waddell (2005),Transports through the Straits of
The velocity difference (i.e., 18-15 January) marine emergency management, ecosystem- Florida, I Ph's. (keanogr, 35,308-322.

Johns,W E., and FSchott (1987), Meandering andtransect reveals a spatial pattern (Figure based marine management, etc.) However, the transport variations of the Florida Current, J liv's.
3, bottom panel) that is characteristic of a explanation of the discrepancies on the several- ()ceanogr, 17,1128-1117.
coastally trapped wave [ Wang and Mooers, month tinie-scale await longer records and Lirsen,J.C.,andTB.Sanford (198.5), Florida Current
1976],wilh the vertically sheared perturbation fuller understanding. volume transporlts from voltage Tneasuriinci its,

Science, 227(4684),302-304,
flow of ~0X) cm s-1 concentrated over the L eejTN.,and E.Williams (1988),Wind torced trans-
Florida shelf and with an offshore trapping Acknowledgments port fluctuations of the Florida Curren,. Phvs
distance of -25 km.The corresponding along- Oceanogr, 18,937-916.
channel phase speed is -250 km d',consis- The cable and section data are supported Rhodes,R.C.,et al. (2002),Na%,,v real-time global
tent with the one-day lag and distance of 310 through the NOAA Office of Climate Obser- ModelingsY.'ssceanogrpln: 15,29-13

Scho, FA.,T N. Lee.-and R.Zantopp W1.9),Variahilitv
km between 27"N and 81'W.Similar velocity vations.The East Florida Shelf Information ol structure and transport in the Florida Current
differences occur for the other three cold front System-related assessment is part of the in the period range of days to seasonal, J PI 's.
responses noted above. Southeast Atlantic Coastal Ocean Observing (keanogr., 18,1209-1230.

The close comparison between the cable- System Program sponsored by the U.S.Office Wang, -P, and C. N. K. Mooers (1976),Coastal-
trapped waves in a continuously stratified ocean.

derived and model transport estimates on of Naval Research.The U,S.Naval Research tp avs na co us stai,e-oen

the weekly timescale not only validates Laboratory development of the Global Naval

G-NCOM per se, but also implies that the Coastal Ocean Model was supported by the Author Information
atmospheric forcing (from NOGAPS) ap- U.S. Space and Naval Warfare Systems Com-
plied to G-NCOM represents the cold front mand Program ManagerWarfare 180,and C.NK.Mooers,Rosensfiel School of Marine
passages adequatelyThe nature of the ob- its operational application at the U.S.Naval and Atmospheric Science, tniversitv of Miami,

served and modeled responses indicates Oceanographic Office is supported by the Fla;C.S. Meinen,NOAA Allantic oCeanographic

the importance of regional (synoptic) scale U.S. Commander, Naval Meteorology and MO.Baringer,NOAAAlatic ceanographic aid

wind-forcing. Oceanography Command. Meteorological Laboratory Miami, Fla. 1. Bang,
Altogether, these results suggest G-NCOM Rosenstiel School of Marine and Atmospheric

may be a reliable source of lateral open References Science, University of Miami, Fla.; R. Rhodes,NavalReseaarch Lab)oratory,Stennis Space CcnIvr, Mis.s, C,
boundary conditions for a regional coastal ringer, M. 0., and J. C. Larsen (2001), Sixteen years N.BarcN Researh LaboraloryS tenis StaceIocean predictive model; e.g.,the East Florida of orinda Curren transport at 27N, Geoplos. Res,

Shelf Information System (http://efsis.rsmas. Let., 28(16),3179-3182. Center, Mis.;and PBub,Naval Oceanographic office,

miami.edu). Further, they indicate that the Barror, C. N,A. B. Kara, H. E. Hurlburt.C. Rowley, aiid Stennis Space Center, Miss.
L FSmedstad (200I4),Sa surface height predic- For additional information contact C. N. K,

cable-derived transport estimates can be used tions from the Global Navy Coastal Ocean Model Moo rs, E-mail: cnio-ers(ePrsmas.miami.edi.
for ongoing verification of G-NCOM perfor- (NCOM) during 1998-200"1, , Almos. (keonic
mance, and thus the cable data have a key role Technol.- 21. 187--189-I.

segregated work areas for export-controlled eventually may result in rutlemaking for sorme
information and technology." fisheries"but that"emergency rulemaking is notN ESThe rule Would amend the Defense Federal warranted"
Acquisition Regulation Supplement, and The NMFS announcement is in response to
follows up on recommendations of a 25 March a 24 March 2004 petition to the Commerce De-
2(XH report by the Defense Department's inspec- partment filed by Oceana, a non-governmental

In Brief tr general,"Export-Controlled Technology organization.That petition urged the depart-
and Contractor, University and Federally ment through NMFS to"initiate immediate nile-PAGE 270 Funded Research and Development Center makingto protect coral and sponge habitats

Rule would stiffen eprt controls at Facilities" in the U.S. exclusive economic zone through
uiveriesd AtiSn epartento De e The DOD Federal Register notice is online mapping, monitoring. research, and enforce-universities A U.S. Department of Defense at: http://a257.g.akamaitech.net/7/257/2422/ ment measures.proped ile on export controlled technology 01jan20051800/cdocket.access.gpo.gov/ The Oceana petition noted that coral andcould significantly increase the number of ex- 2005/05-13305.htm. Comments oil the DOD sponge communities are"e'pecially vulnerableport control clauses that appear in university nile are accepted through 12 September 2005. to destructive fishing practices like the use of

contracts, according to the American Associa-
lion of Universities (AAU). NOAA to eto bottom-tending mobile fishing gear (bottom

The rule, published in the Federal Register on coral and sponge htate protot trawling) that damage and destroy these sensi-
12 July does not recognize the fundamental Marine Fisheries Service (NMFS) will develop ive biological systems,The Federal Register
research exclusion that protects fundamental a strategy to address research, conservation, notice is available online through the Web site:

University research from export control licens- and management issues regarding deep-ocean httio://www.mfs.tioaagov/haitathaitatcon-
ing requirements,AAU noted. coral and sponge habitat,the agency indicated servation/DSC_petition/.

The rule also calls for an access control plan in an 11 July Federal Register notice.The Service,
that includes "unique badging requirements which is a unit of the National Oceanic and Atmo- -RANDY StOWSRACK, Eos Managing Fditor
for foreign nationals and foreign persons and spheric Administration, indicated that this strategy


